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COMPUTER AUTOMATION OF THE THERMAL PULSE TECHNIQUE FOR
LOCAL BLOOD FLOW MEASUR ‘MENTS. Kurt Lewis Baum, USAF, 1982,

79 pages, Master of Science in Electrical Engineering, University

of Illinois.

Tissue blood perfusion is a fundamental measurement in
physiology that affects the entire spectrum of medical practice
and research, A new and innovative method is under development
by Dr. Kenneth R, Holmes and Dr. Michael M. Chen at the
University of Illinois. Their thermal pulse~decay method
utilizes a small thermistor to pulse heat the tissue under
study. The thermistor is then used to record tissue temperature
as the heat dissipates due to thermal conductivity and blood
perfusion. From this cooling data, local blood perfusion can
be calculated by various computer routines,

The process of initiating amd controlling the experiment,
aquiring and storing the data, amd calculating perfusion
parameters has been computer automated. The system is based
on a Digital Bjuipment Corporation LSI 11 minicomputer. The
software package developed for the system is user oriented.

It can control up to six probes at once, performing both
heating and measurement tasks. The user is free to choose

the duration of the heat pulses, as well as the sampling rate
and samplinz duration after the heat pulse. The program
automatically generates a data file for each active probe. ./ .
The files can be recalled for display on a graphics termina)

or for calculating perfusion parameters, In addition, an
automatic mode is available which repetitiously performs the
experiment with no user interaction.

The computer automation of the thermal pulse technique
for local blood flow measurements will allow further development
of this promising new measurement tool.
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COMPUTER AUTOMATION OF THE THERMAL PULSE TECHNIQUE FOR
LOCAL BLOOD FLOW MEASURMENTS, Kurt Lewis Baum, USAF, 1982,

79 pages, Master of Sclence in Electrical Engineering, University
of minois.

Tissue blood perfusion is a fundamental measurement in
physiology that affects the entire spectrum of medical practice
and research, A new and innovative method is under development
by Dr. Kenneth R. Holmes and Dr, Michael M. Chen at the
University of Illinois. Their thermal pulse-decay method
utilizes a small thermistor to pulse heat the tissue under
study. The thermistor is then used to record tissue temperature
as the heat dissipates due to thermal comductivity and blood
perfusion. Frem this cooling data, local blood perfusi.n can
be calculated by various computer routines,

The process of initiating and controlling the experiment,
aquiring and storing the data, and calculating perfusion
parameters has heen computer automated. The system is based
on a Digital Bjuipment Corporation LSI 11 minicomputer. The
software package developed for the system is user oriented.

It can control up ‘o six probes at once, performing both
heating and measurement tasks. The user is free to choose
the duration of the heat pulses, as well as the sampling rate
and sampling duration after the heat pulse. The program
automatically generates a data file for each active prode,
The files can be recalled for display on a graphics terminal
or for calculating perfusion parameters. In addition, an
automatic mode is available which repetitiously performs the
experiment with no user interaction.

The computer automation of the thermal pulse technique
for local blood flow measurements will allow further development
of this promising new measurement tool.,
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I. INTRODUCTION

Background

Tissue blood perfusion is a fundamental measurement in
physiolgy that affects the entire spectrum of medical practice
and research [1l]. Many different techniques have been
developed to measure tissue blood flow. Two common methods
involve indicator dilution and radio-labeled microspheres [2].
These measurements are complicated and cannot be repeated at
frequent intervals.

A different category of blood perfusion measurements
involves the use of thermal techniques. These methods have
the potential to overcome the 1limitations of the indicator
dilution and microsphere techniques. However, most thermal
methods have the drawback of comparing the heat dissipation
against a value of thermal conductivity for nonperfused
tissue. This requires either a suspension of the blood flow
to the tissue or the use of tabulated values for the type of
tissue being examined. Suspension of blood flow is traumatic
to tissue and might mean sacrificing the animal, while using
tabulated values can lead to inaccuracies due to assumptions
made in creating the table, In addition, the theoretical
basis for some of these methods is open to question, since the
volume of tissue being sampled is not much larger than the
probe itself, and probe size and shape have been shown to

alter results [1l].
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The thermal pulse-decay method being developed at the
University of 1Illinois by Dr. Kenneth R. Holmes and Dr.
Michael M. Chen is a thermal mecthod that overcomes all of the
problems described above. This method consists of inserting a
small thermistor into the tissue of interest, A known
quantity of heat is deposited in the tissue when current flows
through the thermistor. The thermistor is then wused to
measure post-pulse tissue cooling, from which local perfusicn
and thermal conductivity can be determined [1]).

The basis of these calculations arises from the heat
dissipation mechanisms working in the tissue. With no blood
perfusion, the primary decay in temperature is due to thermal
diffusion. This temperature decay can be mathematically
modeled as a decaying power series [l]. Blood perfusion is a
thermal transfer mechanism that can be modeled as an
exponential decay of temperature. In vivo tissue cooling
typically includes both of these mechanisms and can be modeled
as a product of the exponential and power series. From the
shape of this curve, the thermal conductivity and the local
blood perfusion can be determined [1].

The advantages of this method are: it provides an absolute
measurement 2f the volumetric perfusion rate (ml blood/ml
tissue sec) without requiring calibrations or stop-£flow
measurements; the sampling volume is considerably larger than
the volume of tissue traumatized by the microprobe; the probe

shape and size do not affect the results; the electronics and




calculations are extremely simple; the increase in tissue

temperature is usually only 0.5 C; the small diameter of the
probe causes minimal trauma in the tissue wunder examination
[(3,4].

Some drawbacks of this method are that it does require
insertion of a probe, it yields point information, and it is

an indirect measurement process.

Problem and Scope

Small thermistor beads are fabricated into needle-~like
probes to aid in insertion into the tissue and minimization of
trauma in the tissue, The thermistor is incorporated into a
bridge circuit that performs both heating and measurement
roles. The bridge output is used to generate cooling curves
on a strip chart recorder. Computer programs have been
written to analyse these cooling curves for thermal
conductivity and perfusion rate,

The problem with this procedure is that the data must be
read point by point from the the cooling curves and typed into
the computer. This process is both time consuming and
inaccurate. Additionally, since the data is analyzed after the
experiment has been completed, the operator has no opportunity
to modify the experimental parameters.

The solution to these problems is to automate the c¢ontrol
of the experiment, the acquisition and storage of the data, and

calculations performed on the data. This report describes a




computer based hardware and software system that will not only
solve the problems of entering cooling curves into the
computer and freeing the operator from continuous supervision
of the system, but should also give the operator the advantage
of having real-time blood flow data to tailor each succeeding
measurement. Figure 1 is a block diagram of the proposed

system.

Presentation

Chapter II describes the characteristics of the thermistor
bridge «circuit, the governing equations, and the desired
specifications for the proper operation of the control system.

Chapter III describes the hardware used by the system
while Chapter IV documents the system software.

Chapter V presents the results of experimental testing of
the entire system.

Chapter VI contains the conclusions about the present
system and recommendations for future systems.

Software flowcharts and a complete program 1listing are

contained in the appendices.
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II. THERMAL PULSE-DECAY METHOD

Description

The bridge circuit containing the thermistor probe is a
very simple balancing circuit with one modification that
allows current to pass through the probe during heating. This
circuit 1is shown in Figure 2. The balance resistor, Rb’ is
used to adjust the bridge output. A five Volt signal
impressed at V., can drive the transistor switch for the heater
relay. The duration of this signal determines the length of
the heating pulse and thus the energy delivered to the tissue.

Simple circuit analysis of the bridge yields the following
relationship between the output voltage, E, and the probe
resistance, RP.

RSV

R = - R (L)
p RSV/(Rb+Rs) + E s

Then, once the resistance of the thermistor is known, the

temperature, T, can be found as:

T = -
A B 1n(Rp) (2)

where A and B are calibrated constants of the particular
thermistor probe in use [1].

The temperature rise due to tissue heating causes a
corresponding increase in the output voltage. Thus, even

though a nonlinear relationship exists between voltage and
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temperature, a cooling «curve obtained by plotting the ouput
voltage of the bridge looks similar to a c¢ooling curve that
plots actual temperature.

For a cooling curve expressed in Volts, the typical
experiment will have about a seven millivolt range. 1In
addition to the actual cooling part of the curve, important
information is contained in the temperature values immediately
prior to heating. This pre-sample period can be used to
project a baseline for use in normalizing the cooling part of
the curve to temperature drifts. A sample cooling curve |is

shown in Figure 3.

System Specifications

The following is a list of desired specifications for the
automated control and data acgquisition svstem.
1. Deliver a square wave five Volt pulse to each of
six bridge circuits to control the heating cycle.
2. Vary the duration of each pulse length
independently over a range of zero to twenty seconds
in one~tenth second intervals.
3. The duration time of each heat pulse must b.
stored for computation purposes.
4. Monitor and record voltage output of six
thermistor bridges with a resolution of three
millivolts and a range of minus five to five volts,
5. Allow for sampling rates up to sixty Hertz in

each of six channels.
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6. Channel selection may be varied without loss of
information. Channels need not be operated in
sequential order.

7. Stored data may be recalled for display on a
video terminal or printed on hard copy.

8. System must include a file management system for
stored data files.

9. Calculations may be performed while system is
not being used to measure perfusion.

10. Calculate and display steady state body
temperature as calculated from thermistor data.
Calibrate system for each thermistor.

11. 1If input voltage exceeds an operator selected
value, system will issue an audible alarm. Alarm
may be disabled.

12, Repeat measurements (delivery of pulses)

automatically.




The system hardware 1is composed of three main units.
These are the thermistor bridge, the signal conditioner, and
the computer. Figure 4 is a block diagram of the entire
computer system, with the computer separated into its major

components.

Bridge Circuit

The bridge circuit is described in Chapter II.

Signal Conditioning

Preliminary tests of the bridge circuit showed
considerable noise to be present, which appeared in two basic
forms. The most prevalent noise was sixty cycle power 1line
interference, which had a magnitude up to four millivolts,
almost as large as the desired signal. The second kind of
noise was a very high frequency noise whose source could not
be identified.

In addition to the noise, the signal strength was on the
order of millivolts, too weak to be used as an input signal to
the analog to digital converter, which measures in volts. The
signal conditioning block, shown in Figure 5, is used to
correct for these two problems. First, the signal was
amplified by a differential laboratory amplifier with a gain
of 1000. The input signal for a typical experiment has a

range of about seven millivolts, with both positive and

R
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negative components. The Anpalog to Digital Converter (ADC)
has an input range of minus five to plus five volts. If the
bridge is balanced at the beginning of an experiment for an
output of about three millivolts, the gain of 1000 will
provide a signal at the input of the ADC that will range from
minus three to plus four volts. This is entirely within the
range of the ADC and still allows for some temperature drift
in between heating pulses. '

A two stage filter was built to eliminate the noise
problem. The first =stage consists of a second-order band
reject filter, the output of which provided 38 decibels of
suppression centered at 60.4 Hertz with a gquality factor of
five. This filter effectively attenuates the sixty cycle
interference. The second stage of the filter is a simple
resistor-capacitor low pass filter with a 3 dB point of 10.6
Hertz. This filter eliminates the high frequency noise and
further reduces the sixty cycle noise. The frequency content
of the input signal is much less than 10 Hertz, so the filter

does not attenuate the thermal pulse data signal.

Computer

This section will céa2scribe the capabilities and functions
of each block of the computer. The computer is a Digital
Equipment Corporation (DEC) LSI 11 minicomputer. Hardware
specifications for the LSI 1l can be found in References (5]

and [6].
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The Parallel Input-Output wunit is a DEC DRV1l. It
consists of 16 separate 1input and output lines, along with
appropriate control lines. In this application the wunit |is
used to control the heat pulses and 1light appropriate
indicator lights on the bridge unit. In future versions, it
can be wused to monitor switch positions on the bridge unit.
The pin assignments for this board are contained in Appendix
A. More information on the operation of this board is
contained in Reference ({6].

The Analog to Digital converter is an ADAC 1030 which has
eight differential inputs each with a range of minus five to
plus five volts and a programmable gain of 1, 2, 5, or 10. 1In
future versions of the bridge, this gain can be used as part
of the 1000 gain of the signal conditioner, With the full
gain of 1000, the ADC”s 12 bit resolution is able to look at
signals from minus five millivolts to five millivolts in 2.5
microvolt increments. This meets the original specification
for resolution. Timing for the sampling of the ADC |is
accomplished with the real time clock of the LSI 1l computer.
This allows sampling rates as high as sixty hertz for each of
six channels. Additional informat‘on on the operation of the
ADC can be found in Reference [7].

The Central Processing Unit is a DEC LSI 11/23 <CPU with
Memory Management Unit (MMU), model KDFll-AA, along with the
floating point hardware option, model KEF1ll-AA. The MMU will

allow full and efficient wuse of the Chrislin memory board.
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The speed and power of the LSI 11/23 CPU with floating point
should allow close to real time calculaton of the desired
parameters after the data has been collected.

The Chrislin CI-1123 memory provides a full 256 kilobytes
of random access memory. In addition to containing the
operating program, it allows for storage of quite large data
arrays during sampling that can be transferred later to disk.

The Data Systems Design 470 disk drive provides two

'megabytes of on line storage. Drive one will be used as a

gsystem disk containing the source program and monitor, while
drive two will be used to interchange data disks.

The serial interface is a DEC DLV11-J, which has four
independent communication channels. One of these is used for
the system terminal. The others could be used for a modem, a
remote terminal, or a line printer.

The system terminal is a Lear Siglar ADM5 with a 512
retrographics board. This provides graphics capability that
is software compatible to the Techtronics 4010 terminal. The
main wuse of the graphics will be to display various cooling
curves for visual inspection. Additional information is
contained in References [8] and [9].

The GP100 graphics plotter is connected directly to the
ADMS terminal. It provides hardcopy for any of the graphics
sent to the terminal or functions as a line printer for
listing programs or data sets. It is further described in

Reference [10].
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IV. SOFTWARE

The system software is written in FORTRAN and resides on
the system disk. Both the user and the operating program have
access to an extensive library of programs written for the DEC
LSI 11 computer system. These include the RT1ll monitor, a
text editor, a disk handler, 1linkers, compilers, various
input-output routines, and a system library of FORTRAN
callable subroutines. A full description of these programs is
contained in Reference [11].

The FORTRAN operating program contained on the system disk
allows the user to interact with the system to configure the
experiment and data collection in an easy and flexible manner.
In addition, it allows calculation routines to be performed on
the data and several modes of automatic operation. The user
also has the ability to list or graph any data file.

This chapter contains a complete description of the
operating program. Fiqure 6 is a simplified flowchart of the
main program. Flowcharts of the subroutines and a complete

listing of the FORTRAN code are ccntained in Appendix C.

Main Program

The program begins with an initialization routine that
sets each variable to a valid starting value. As the program
is used, the initial values c¢an be modified to reflect more

accurately the desired initial conditions for the experiments.
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The terminal is then filled with the current values of the
program variables and a list of the commands available to the
user. An example of this is shown in Figure 7. The commands
are single 1letters that correspond to the function or
parameter to its right, Each second, the current time 1is
displayed, all six bridge outputs are sampled and displayed in
both millivolts and degrees Celsius, and the time until the
next automatic operation is updated and displayed. While in

this mode, the software continuously checks for user input or

the conditions necessary to cause an automat.c cperation.

Each user input causes the main program to call an
appropriate subroutine which actually performs the command. A
summary of each of the available commands is shown in Table I.
The following is a description of each command along with its

use and restrictions.

Command “Q°
This command allows the user to choose which channels will

be active when either SAMPLE or CALCULATE is performed. Each

channel can be independently turned on or off with no

restrictions as to which channels must be used for a given
number of probes. The software for command “0O° 1is contained

in subroutine UPDATE.

Ccommand “F~
This command allows the filename of any channel to be

changed. Each filename must be constructed of three

\_ﬁ i RN 5 s .
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TIME 13: 3+ 16 DaTE Ss/16-82 OATA VERSION ONE

CHANNEL 1 2 3 4 S 6
SANMPLE STATUS ON ON
CALCULATE STARTUS ON
F FILENANE AARSAE AABAEE AARCP9O AADSAE ARESBBS AAF300
P PROBE 24 as e ) (-] e
CURRENT MILLIVOLTS 8 .8a3 9.1009 a.944 1.9529 2.299 5,239
CURRENT TEMPERATURE 34.432 3I5.889 8 .0ad ¢ .08d 8 .908 -1
LAST TENMP 34.432 35.822 @ .d9ee - 1-1-} Q. 9998 é.9@9d
H HEAT ¢SEC:TICKS) 2 8 2. @ 2: @ 2: @ 2: @ 2: @
QURATION C(SEC: TIC)> FREQUENCY < HZ > READINGS PERIOCO
PRESANPLE 3. a 69 180 1
SAMPLE 15 @ 69 942 1
L UPPER ALARM LIMIT C(MV) 6.:3 A AUTOMATIC RUN
LOWER ALARM LIMIT (MY -6 .60 8 BREAK FROM AUTE
EXPER IMENT INTERVAL C(MIH:SEC) 9:4S £ CALCULATE
EXPERIMENT REPETITIONS s 0 (O0OK AT UATA FILE
MEXT EXPERIMENT (MIN:SEC) a: 8 S SAMPLE
Z auIiT

PLEASE ENTER YOUR COMMAND

Figure 7. Video Terminal Presentation of Program Status and

Commands

aatin e e e G




Command

N W U 0O w P EmEe oo

21

Table 1. Summary of Commands

Description

Change Channel Activity Status
Change Data Filename

Change Probe, Bridge Balance, or Descriptive
Text

Change Heat Pulse Durat.on

Change Duration and Frequency of Sampling

Change Alarm Limits

Change Experiment Repetition Parameters

Enter Automatic Operation

Break From Automatic Operation

Perform Calculations

Display Data Files

Perform Heat Pulse and Sampling

Exit Program .




" Wi

22

alphanumeric characters followed by three numeric characters.
This allows the user to describe the experiment using three
letters and then determine the experiment repetition using the
three numerals remaining. This filename 1is used by both
SAMPLE and CALCULATE. Subroutine UPDATE performs the command

“F”°.

Command ‘P”

This command allows the user to change the probe number,
probe calibration data, bridge balance conditions, and
descriptive text of any channel. When a probe is changed, the
software reads in the calibration data for the new probe from
a disk file named PROBE.DAT. This file is maintained by the
auxiliary program PROBEC.FOR which is described later. The
calibration data is part of the data file stored when a sample
is performed. It is needed to calculate absolute temperature.

Changing the bridge balance conditions requires the |user
to enter the new resistance of the potenticmeter. This value
is also needed for absolute temperature calculation, and is
part of the data file stored by SAMPLE.

The descriptive text can be used to record probe
placement, experiment objective or other pertinent

information. It is also part of the data file stored by

SAMPLE,

Subroutine UPDATE performs the command “P”.




T —— “*"jwm__”—'j

23
Command “H”

This command allows the user to modify the duration of the
heat pulse that is applied to the probe. Each channel can be
varied independently in increments of one-sixtieth of a
second. A duration of zero is allowed and simply means that
that channel will not be pulsed during sampling. This allows
probes to be wused to determine heat patterns delivered by
other probes. Subroutine UPDATE performs the command “H”.
The heat pulse duration is part of the data file stored by

SAMPLE.

Command “R”

This command allows the user to define the sampling rate
and duration for an experiment. The samples taken before the
heat pulse, the presample period, can be configured
independently of the samples taken after the heat pulse. The
user inputs the desired time duration and frequency of
sampling. The program calculates and displays the actual
number of readings to be taken and the time period (in
one~sixtieth of seconds) between samples. These values are
part of the data file stored by SAMPLE. Subroutine UPDATE

performs the command “R”.

Command “L”

Thiscommand lets the user set limits for an audible alarm
that monitors the input voltages of the channels that are
active for sampling. If the input voltage is not within the :

specified range, the program sounds the bell on the terminal

i a B
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each second. With the correct limits, the alarm can be used
to notify the user when a bridge needs rebalancingbefore
starting an experiment. Subroutine UPDATE performs the

command “L”.

Command “E”

This command allows the user to define the parameters for
operating under automatic control. The time interval between
experiments, the number of experiments to be performed and the

time until the first experiment can all be set tc any value.

Subroutine UPDATE performs the command “E°.

Command “A~

This command enables the automatic operation of the
program, as defined by the automatic control parameters. It

is performed by the main program and subroutine AUTO. When

called, subroutine AUTO will <call SAMPLE and CALCULATE as
needed, increment the filenames of the active channels and

update the automatic operation parameters. Using the “A”

command, the operator can free himself from having to
continuously moritor and initiate experiments or

calculations.

Command "B~

This command disables automatic operation of the program.
The time until the next experiment will continue to count

down, but AUTO will not be called if the count reaches zero.
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Using the “B” c¢ommand, the user can exit automatic control,
change a system parameter, reenter automatic control and not
lose the <correct spacing between experiments. The main

program performs the “B” command.

Command “C~

This command performs the desired calculation on each
channel that 1is active for calculate. Subroutine CALC
performs this command but does not perform the calculations.
CALC reads and prepares the data file for a subroutine called
CRUNCH, which is to perform the actual calculations. CRUNCH
can either be a thermal conductivity or blood perfusion

routine that can be linked to CALC for use.

Command "D~

This command allows the user to examine a data file by
listing or draphing. Listing a data file consists of
labeling, formatting and printing the system configquration at
the time of sampling and the entire presample and sample data.

The graphics package plots the cooling curve and labels it
with pertinent information from the data file. The user has
the options of changing the size and position of the graph as
well as expanding the time scale to display only a portion of
the cooling curve.

Subroutine DATA performs the command “D~”.
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Command °S-
This command causes the computer to perform the sampling
as defined by the system parameters. For each active channel
the appropriate presample is collected, the probe 1is heated,

the desired sample data 1is collected, and a data file is

i created on disk. The format of the data file is in appendix

B. It consists of all possible information that might be

desired at a later time to analyze the results of the

experiment. Subroutine SAMP performs the command “S”.

Command “z2~°
This command terminates the operation of the program and

returns control to the RT11l monitor.

Auxiliary Program

The auxiliary program PROBEC.FOR is used to maintain the
data file that contains the current probe calibraticn
constants. The user has the option of entering calibration
data for a new probe or changing calibration data for an
existing probe in the file. Each time new data 1is entered
into this file, the wuser can also enter the date of
calibration. The probe calibration and the date are stored in
this for wuse by the system software. Specifications for the

data file PROBE.DAT are contained in appendix B.

LUV AN Y PRPIRCTSE S SR
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V. RESULTS

The data aquisition system has been successfully used in a
variety of configurations.

Figures 8 through 14 are actual output from the system.
Figure 8 shows the cooling curve of a probe that was placed in
a 100 ml solution of glycerin at 38 degrees Celsius. The
presample data is shown from minus five to minus two seconds.
The plot disappears from minus two to zero seconds, since that
is during the heat pulse and the bridge output is not valid.
The sampie data is shown from zero to fifteen seconds.

This curve shows that the probe, the bridge, the signal
conditioning, and the analog to digital converter all worked
properly to deliver the appropriate data to the computer. It
also shows that the software is capable of procuring the data,
storing it, and retrieving it for display.

Figure 9 is a ccoling curve from a similar experiment but
the heating pulse has been reduced to only one-sixth of a
second. The curve decays much more rapidly since 1less heat
was deposited by the probe. 1In order to display this data in
a more visible manner, the software allows for expansion of
the time scale so that any portion of the curve can be shown.
An example of this capability is shown in Figure 10 using the
same data file as Figure 9.

Figure 11 is from a data file that was created from an

experiment using a live rabbit. The blood perfusion in the
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kidney could be determined from this data.

Figures 12 and 13 are from data files created from
experiments conducted on the 1liver of a live rabbit. The
probe for Figure 12 was placed very close to a large blood
vessel 1in the liver, This results in a cooling curve that
decays quite rapidly. Also present on this curve 1is some
respiratory artifact that causes the curve to rise and fall
periodically. Figure 13 is from a test on the same liver but
the probe has been moved away from any blood vessels.
Perfusion is still present, but at a much lower rate and the
respiratory artifact 1is no longer visible. In order to
compare these two curves, Figure 14 was generated by expanding
and overlaying the data from the two files on the same plot.
The difference between the high perfusion curve and the low
perfusion curve is now seen as different rates of decay in the
cooling curves. The higher perfusion near the 1large blood
vessel rapidly removes heat from the vicinity of the probe,
resulting in a faster decay than is seen in the low perfusion

case.
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PABBIT LIVER PERFUSIQN TEST

54 T . FILENAME: RLPOOL  CHANNEL! i
. PROBE: 24  HEAT PULSE: 4: 0
SAMPLE TIME- 14: 5: 7 DATE- 4,16/82
31
2
11 - ?
8- : i
-1 :":
S :
15
E _,l \
5 \\a\_
o "~ o
g -31“—-\—\ N —
g -
jge]
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a -9
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Time (sec)

Figure 12. Rabbit Liver, High Blood Perfusion
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BABBIT LIVER PERFUSION TEST

5 - FILENAME: RLP002  CHANNEL: {
. PROBE: 24  HEAT PULSE: 43 0
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Figure 13. Rabbit Liver, Low Blood Perfusion
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RABBIT LIVER PERFUSION TEST

FILENAME: RLPOO1 CHANNEL: 1
o PROBE: 24  HEAT PULSE: 4: 0
' SAMPLE TIME- 14: S: 7 DATE- 4/16/82
31
24
11 Low Perfusion !
09 High Perfusion
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Figure l4. Rabbit Liver, Comparison of High and Low

Perfusion
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VI. CONCLUSIONS AND RECOMMENDATIONS

Conclusions

An automated control and data aquisition system for the
thermal pulse-decay method of blood perfusion measurement has
been designed and tested. The system meets or exceeds the
desired specifications, providing a useable tool for the

continuation of research in local blood perfusion measurement.

Recommendations

Based on system performance until this point, the
following recommendations are proposed as future modifications
to the system. Additional desired modifications will become
apparent as the system is utilized more frequently.

1) Incorporate into the auxiliary program, PROBEC.FOR,
the capability to automatically calibrate the thermistor
probes.

2) Enhance the data presentation, particularly the
ability to show more than one cooling curve on the same plot.

3) Provide more disk file security to prevent accidental
overwriting of data.

4) Provide for easy transfer of data files to or from
this computer and another.

5) Incorporate computer routines to analyse the cooling

curves for becth thermal conductivity and blood perfusion.
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This appendix contains the wiring list for connecting

the DEC DRV1l1 parallel input-output board to the bridge

circuit.

Two twenty-five wire ribbon cables carry the

signals listed below in Table 2.

Tabl

Signa

Presample

Presample

Presample

Presample

Presample

Presample

Heat
Heat
Heat
Heat
Heat
Heat

Pulse
Pulse
Pulse
Pulse
Pulse
Pulse

Sample LED

e 2.

1

LED
LED
LED
LED
LED
LED
and
and
and
and
and
and

Pin Assignments for Bridge Control

LED
LED
LED
LED
LED
LED

Channel

A U W N AU B W N

E

Connector, Pin

J1l, 11
J1l, 12
Jl, 13
J1l, 14
Ji, 15
J1l, 16
J2, 11
J2, 12
J2, 13
Jz2, 14
J2, 15
J2, 18
Jl, 17

B LR ke



APPENDIX B

L DATA FILE STRUCTURES

This appendix contains the structure of the two types
of data files used by the operating software. PROBE.DAT
contains the calibration data for the thermistor probes and
is outlined in Table 3. The structure of the data files

created by SAMPLE is outlined in Table 4.

Table 3. PROBE.DAT Structure

535252 Variable Description Disk Format
First Number of Probes I*2
Second Probe Number I*2

Month I*2

Day I*2

Year I*2

A R*4

B R*4

RBO R*4

BETA R*4

Repeating for each probe in the data file.

BRI b7 41 o . bk YRAND

o ontvn. o

Py
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Table 4. Data File Structure
Variable Description Variable Name Disk Format
Data Version 1 I*2
Time ISTIM I*4 ‘
Date KDATE 3 I*2
Channel I I*2
Text ITEXT 20 I*2
Active Files IFILE(1) 3 1*2
Active Files IFILE(2) 3 1*2
Active Files IFILE(3) 3 I*2
Active Files IFILE (4) 3 I*2
Active Files IFILE(5S) 3 I*2
Active Files IFILE(6) 3 1I*2
Probe Number IPROBE I*2
RBO PPRBO R*4 .
BETA PPBETA R*4 |
a PPA R*4
B PPB R*4
Probe Calibration Date ICDATE 3 1*2
Bridge Balance Resistance IPPRBB I*2
Bridge Balance Time IPPTBB I*4
Bridge Balance Voltage PPVEB R*4 §
Heat Pulse Duration {(Ticks) IBEAT I*2 i
Presample Readings IPSR I*2
Presample Peciod (Ticks) IPSP I*2 }
Sample Readings ISR I*2
Sample Period (Ticks) ISP I*2 2

)
Presample Data IDATA (IPSR) I*2 ‘
Sample Data IDATA (ISR) I*2 i
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Figure 6 in Chapter IV is a flowchart of the main

program.

This appendix contains a listing of the FORTRAN

code of the main program followed by flowcharts and code

listings of the subroutines.

Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

15 shows the

16
17
18
19
20
21
22

shows
shows
shows
shows
shows
shows

shows

the
the
the
the
the
the

the

flowchart
flowchart
flowchart
flowchart
flowchart
flowchart
flowchart

flowchart

of
of
of
of

of
of

of

subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
PROBEC.FOR

subroutine

INIT (p. 46),
UPDATE (p.49-50),
SAMP (p. 57),
CALC (p. 63),
AUTO (p. 63),
DATA (p. 68),

(p. 74), and

GET (77).
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c THIZ IS THE MAIN PROGRAM FCR THERM&L PULSE
[t STUCIES.
< IT WAS WRITTEN BY KURT L. BaUmM
< K £ £ COMMON YARIARBLES x x &
LOGICALXL HRZC3I 3. HAZACS
INTECER ra<ase>
INTEGERX4 I4¢<12>
REAL &4 R4( 64>
INTEGER IDATAC 1890 >
COMMON HAZEL/HAZ, HAZA

c

£ ot x

CIMMON
COMMON

/VARDBLE /12, I4,R4
/TEMPS~/IDATA

x X X

EMO COMMON BLOCK

(%]

X x ¥ BEGIN COMMCMN BESIGNATICNS £ x %

INTEGER IACTYSCSE)>, IACTVCC(E)., IPRNBEZ6), IHEATI.( 6, [PPREBC(S
INTEGER IFILECE.3). ITEXT(S.20)>, ICOATECE., 3>

INTEGERX4 [PPTBBC(E)

REALE4 PPRBOACE).PPBETACEY.PPA(S ., PPEC(EJ,PPYBEB(S

REALZ4 CTENPCS ), RLTEMPCE)

EQUIVALENCE CICaM, 12< 133, CIACTVYSCL:, I2C20)
EQUIVALENCE CIPROBEC (2, [2¢CB3>, CIHEATCYL b, [37 145
EQUIVALENCE <IPPRE8BC1L ., [2C29)). (IPER. 12C28: "
EQUIVALENCE CIPSP, 13¢C2735, CISR, ra¢2g >
EQUIVALENCE CIsP, 12¢2385>, CITELTCL.15,1202935
EQUIVALENCE CICODATECT, 1>, 12<1%a@’5>., CIACTYCC15, I2CLESY S
EQUIVALENCE CIFILECL,13,12C174>3, CIAUTAC, 12< 192355
EQUIVALENCE CIEXREP, I2¢1935>
EQUIVALENCE CIPPTBECL >, I4C1D)
EQUIVALENCE CPPRB@C 1), R4<1 D), CPPBETAC LY, R412> 7
ECVUIVALENCE CPPAC 1D, R4C13D>D, CPPBCLL,R4C122>
EQUIVYALENCE CPPVEBC1 ), R4C25)5), CCTEMPC 1 >, R4¢3tL
EQUIVALENMNMCE CRLTEMPC 1)5,R4C32>>, CRUALIM, R4C 432>
EQUIYALENCE CRLALIM, P4C 442>, CAUTOTN. R4C 43
EQUIVALENCE CAUTOTU.,.R4( 46D, CEXINT,R4C47>

C % x g ENG COMON DESIGNATIONS X X X

C % %2 2 E7GIN LOCAL YARIABLES x £ X
LOG: (AL X1 PRNTIMCS)D
INTEGER JTEMP(ED
INTEGER ITYPEC30)
INTEGERX4 KTIME
INTEGER KTIMC2)
REAL X4 CYOLTCE ), TEMP
EQUIVALEMCE (KTIME.KTIMC1)>>

C % X x END LOCAL VARIABLES z x %

T & % x BEGIN CODE SEGMENT 2z x x

£ X 2

HMAZ,2>=~290
HAZ(3'="220
HAZACL dYm27
HAZAC2)>=61
HAZAC SHm 208
CALL IMIT
PRNTINCS >=m"2029

PRINT PROGRANM
TYPE 38
HRZC 1 )m2S
CALL PRINTCHAZ S
HAZAC Z >m49

IDENTIFICATIGN E 2 ¢
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13>

{12

112
1138
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138
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HAZAC 4 X243

CALL PRINTIHAZA>

TYPE 1

FORMATC ' THERMAL PULZE OECAY CONTROLLER' )
TYPE 30

TYPE 2

FORMATCTLIS., 'URITTEN BY KURT L. BaAUM')D
ACCEPT 3

FCRMATCA S

PRINT SMORGASBOARD x X %
TYRE Z@
NAZC 1 )=28
TALL PRINT(HAZ D
Calll IDAaTECKMON, KDAY.KYERR)D
ENCOOEC3, 180, PRNTIM) KMON.,KDAY ., KYEAR
FORMATC IR, '/, 2, ‘7', I2)
Call PRINTC 'TIME' D
HAZAC 3032
HAZAC 4 O>=32
CALL PRIMT(HAZA)
CALL PRINTC‘OATE')
HAZAC 4 )>=37
CALL PRINTIHAZA?
Call PRINTCPRNTIMD
HAZAC 4)>=27
CALL PRINTCHAZA
CALL PRINTC 'DATA VERSION ONE')D
TYPE 135.1.,2,3.4.3.6
FORMATC * CHANNEL,
00 187 [=1.6
JTEMPC I 3w IACTVSCI >
IFCIACTYSCI) . NE. @) GOTO 13~
JTEMPC I )= !
CONT INUE
TYPE 1108.JTEMP
FORMATC ‘0  SAMPLE STATUS
00 112 I=1.,6
JTEMPC I )=TIACTVCC L)
IFCIACTVYCCI ) . KE. @) QOTO 112
JTEMPCI D= '
CONT INUE
TYPE 115, JTEMP
FORMATC ¢ CALCULATE STATUS ‘L 8(BX,R2DD
TY®E 128, CCIFILECTI . KD, K®»1,3),Im3,6>
FORMATC 'F FILENAME ‘.6C2K,.3A2))
TYPE 1323, IPROBE

L8N, TIL

',BCEX, AR

FORMATC 'P  PROBE '.619)

TYPE 136

FORMATC ' CURRENT MILLIVOLTS')

TYPE 137

FORMATC ' CURRENT TEMPERATURE')

TYPE 138.RLTEMP

FORMATC * LAST TEnmP 'L 6FB .3

TYPE 140.<C INEATCI) 68, IHEAT( I )~ IHEAT(I>/E8%XED., (=1, 6
FORMATC 'H HEAT C(SEC: TICKS) PLEC IS, 1200

TYPE 142

FCRMATC ' DURATION (SEC TIC> FREUUENCY
1 ' READINGS PERIOD® >

KTIMC L )=

KTIMC2 )™ IPSRXIPSP

CALL CVTTIMCKTINE. KHRS.KMIN, KSEC.KTICKS »
TYPE 148,KSEC.KTICKS.S0/IPSP. [PSR. IPSP
FORMATC 'R PRESAMPLE o1, 120

4 12, ‘.14, R -
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KTIMCIO=mISRKICSP
CALL CYTTIM(KTIME, KHRS.KMIHN, KSEC.KTICKS»
TYPE (1S3, MSEC.KTICKS,E3-/ISP,ISR. ISP

FORMaAT( ! SAMPLE r.I2. 00,1200

1 2. ‘.14, ‘L1253

TYPE 30

TYPE 1S51.RUALIM

FO2RMATC 'L UPPER ALARM LIMIT {Mv> 'LFS .2,
b T4S.'A AUTOMATIC RUN')D

TYPE 1S2.RLALIM

FORMATC ' LOWER ALARM LIMIT C(MV) *LFS. 2.
1 T435.'9 BREAK FROM AUTO ')

KTIMC 1 D= INTCEXINT 635S3¢ 2>
KTIMC2I™INTCEXINT-65336 . 8%XKTIMC1 »>

CALL CYTTIMIKTIME, KHRS, KMIN.KSEC.KTICKS >
TYPE 153.KMIN.,KXKSEC

FORMATC 'E EXPERIMENT INTERVAL (MIN:SEC> .12,
1 T45, 'C CALCULATE'>

TYPE 160, IEXREP

FORMATC ' EXPERIMENT REPETITIONS ‘L L4,
1 T43.°'0 LOOK AT DATA FILE')D

TYPE 163

FORMATC * NEXT EXPERIMENT ((MIN'SEC a: 9°',
1 T43.'S SAMPLE')

TYPE 166

FORMATCT4S,'Z QUIT'>D

HAZAC 3 >=F2

HAZAC 4)>=32

CALL PRINTCHAZAD

TYPE 190

FCRMAT( *‘PLEASE ENTER YOUR COMMAND ‘. $>
FORMATC >

IFCICOM._NE. 63> COTN S0

TYPE 38

CALL PRINTC(HAZAD

TYPE 4@

FORMATC 'UNDER RUTOMATIC OPERATION')D

¥ X CHECK UJSER INPUT X x X
CALL IPOKEC "44, "219188 OR. IPEEKC "44)>
ITEMPeITTINRC )
CALL IPOKEC"44."167677 . AHD IPEEKC "44))
IF CITEMP .CE.2> GQTO 209

2 2 CHECK FOR JUMP TO AUTO = £ X
IFC ICOM . EQ.65. AMD . AUTOTN . EQ.3.2> GOTOo 20~

%t £ CHECK FOR TIME AND TEMP UPCATE ¢t £ %
CALL CTIMCKTIME)
CALL CYTTIM(KTIME, KHRS, KMIN, KSEC,.KTICKS?
If (KSEC.EQ.ISEC)> GOTO 38
ISEC=KSEC

X £ REPRINT TIMES AND TEMPS x X ¥
EMCODEZ Y, 98, PRINTIM) KHRS.KMIN, KSEC
FORMATCI2, "', 12, ' ', X2)

X X% GET CURRENT TEMNPS X X %
K=t
0N 99 I=i.6
CaALL IPOKEC"176770.K>
J=IPEEKC 178772
IFCJ.GT."27727) U= )~-"19900
CYOLTC I >m 2/ 289 . 9GS

® 2 383 90B="3I773,95.2F % % X

P o Ve W T N

A &9

43




IFCIACTYSECI Y EQ. 2> GOTO 88

IFCCYOLTC T GE . RLALIM AMD CUWOLTII)> LE.RUALIMD
HAZC L Ym?
CRALL PRINTIHAZ>

8 RBB=FLOATC IPPREBCID>>/2.98+1000 9

VRS=119756.83
RS=2207% .0
TEHP=YRS/(YRS/(RBB+RS X>+CVYOLTC(I >-1288 )>RS

CX X £ WHERE 1197%6.88av82227373. vYHB=T 42F YOLTS X x X
CTEMPCI >=PPAC I D-PPBC IITALOGI(RB)D
K=iK+" 439

29 CONTINUE

C % x 2 PRINT TIME E I S
TYPE 30
HAZAC 3 >=32
HAZAC4 :=33
CALL PRIMT(HAZA)
CALL PRIMTIPRNTIM)D

I B PRINT CURRENT MILLIVOLTS X X X
TYPE 39

HAZAC 3 )=38

HRAZAC 4 >=56

CALL PRINTC(HAZA>

TYPE 9S5,CY0LT

FORMATCEFS . 3>

‘0
[ ]

[¥]
»"
"

2 PRINT CURRKRENT TEMPS X x X
TYPE 30

HAZAC3I=39

Call PRINTICHAZAD

TYPE 97.CTEMP
22 FORMATC(6FB. 3>

0
]
L]

£ UPDATE AND PRINT NEKT AUTO TIME X € X
IFCAUTOTN . EQ.2.83> GOTO 99
IFCIAUTOC . EQ. 93> GOTU 26
TIME=S3336 . 83sKTIMC L 2+KTIMC2)
IFCAUTOTU . GT . TIME) AUTOTUSAUTOTU~S3848088 A
AUTOTN=QUTOTN-C TIME~-AUTOTU >
IFCAUTOTN.LT. 9.8 AUTOTN=@.d
AUTOTU=TIME

96 TYPE 3@

HAZAC 3 »=32
HAZAC4)>=86
CALL PRINTCH&ZA)D
KTIMC L SmINTCAUTOTN/68336.3)
KTIMC2 3= INTCAUTOTN-65536 . 3xKTIMC L35
CaLL CYTTIMC(KTIME, KHRS, KMIN, KSEC, KTICKS >
TYPE 98, KMIN,KSEC
28 FORMATCI2., ‘7,12

S % x & RESTORE CURSOR £ 2 2
39 TYPE 30

HAZAC 3 )»33

HAZAC 4 >uJ39

CALL PRINTIHAZA>

. GOTO Se
c 2 &£ & PERFORM RECIEVED COMMAND X % X
299 ICOM=ITEMP

. 208 TYPE 30
2e? IF CICOM NE .63 GOTO 213

IT CIAUTOC NE.2) GOTO 2123

COTY ee

44




[RUTOC=1

45

CALL GTIMCKTIME)
AUTOTURESS3E6 OXKTIMC 1 dD+KTIMC2>

o o

e
uoe

GOoTo S
zee sToP*
END

IFCAUTOTM _EQ.8.08> CALL AUTOD
IF {1COMm.
IF cIcom.
IF ¢ ICOM.
IF <1com.
aze IF <ICOm.

EQ. 687> CALL CALC

EQ 68> CALL DATA

EQ.98> GOTO 320

€Q.33) CalLlL SAmMP
CT.68.AND . ICOM . LT . 83> CALL UPDATE

END OF PROGRAM !

|
L----lgng m—— T r;kﬁmmmuumiL.ﬂma........l...........‘A‘J’



—

———c .o

Figure 15.
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\
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\
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Experiment
Repetition
Para.metersJ

( RETURN )

Flowchart of Subroutine INIT




SUBRJUTINE INIT

< THIS SUBRQUTINE INITINIALIZES THE SY3TEM PARAMATERS
S % % & COMMON VARIRELES £ X &

CAGICAL L HAZC 3 . HAZR(S S

INTEZER r12¢2%¢€>

IMTECER k4 T4< 127

REAL L4 R4C E4)

INTEGER INTATAC 108

COMMOH HAZEL/HAZ.HAZA
CoMMON sHMARBLE- 12, 14.R4
CoOMMON s/TEMPS/IDATA

C =« x & EMD COMMON BLGQGCK ® x 2

INTEGER IACTYSIE), IACTVC(S 3. IPROBE(E ., IHEATIS, [PPRBBC(S Y

% T X K BEGIN COMMCN DESIGNATIONS £ X x
i IMTEGER [(FILECS., 31, ITEXT(E.,28), ICOATEIS.3)
f

EJUIYALENCE crcaom, 12< 1), CIACTYSCL ».12¢27%)
EQAUIVALENCE CIPROBEC1)Y, I2¢B Y, CIHEARTZ 1), I2C 14
EQUIVALEMCE CIPPRBBCL >, [2C285)., CIPSR. T2¢2E8 5
EAUIVALENCE CcIpPsSep.,12¢a27y>, CISR, 12¢22
EQUIVALENCE (ISP, 12¢29)>3, CITEATCL, 1>, 123¢3@Hr 3
EQUIVALENCE CICDATEC T, 1>. T2C15@>7, CIACTYCL LY. 12418307
EQUIYALENCE CIFILECL. 13, I2C 145>, CIAUTGQC, 1271520
EQUIVALENCE CIEXREP., 12¢C 1935
EQUIVALENCE (PPYBBC1 )Y, R4C2S5 7., CCTEMPCL >, R4( 2115
EQUIVALEMNCE CRLTEMPC L ), R4C 3753, CRUAL IM,R4C 43> 7
EQUIYALENCE CRLALIM.R4C 442>, CAUTIATH, R4( 453
EQUIVALENCE CAUTOTIS, R4C 4655, CEXINT. R4 47

T % &£ X ENO COMON DESIGNATIONS X X X

cC £ 2 £ BEGIN CO0OE SEGMENT T X x
DO 182 I=m1,236
12¢1y=a@

19¢ CONTINUE
00 110 Iwy,64
R4CI»=d .0

119 CONTINUE
DO 120 Iw=i1.,12
I4¢ I O>mQ

129 CONTINUE

00 S Iw1.6€

IFILECI. 1) ‘AR
iFILECT,Z)="'QQ"

S CONTINUE

IFILECL.2m'R8"
IFILEC2.2 )w'BA"’
IFILECZ,2)="'C0B"
IFILE 4,2)w'00"
IFILECYS,2m'EQ"
IFILECE.2>="'FQ"




T AR Kl < am Y v o et .

48

OC 18 [=1.6

TACTVSC Y ) ON"

IACT CCIO>="ON’

IIHEAT [ »=129
12 CONTINUE

00 20 J=t.S§

DO 20 Iwm1.,29

ITEXTCJ, [ >="S2124
29 CONTINUE

IPSR=10 ‘
IPSP=5Q

ISR=19

ISPm60

RUALIM=E . 9
RLALIM=-6.8

EXINT=63.0
IEXREP=?
AUTOTN=Za.9Q

RETURN
END

. ‘ ‘ R SRR P ST QU res SR Nee
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SUBRCUTINE UFDATE

THIS SUBROUTINE ALLOWES THE UZSER TO CHRHNGE
PARAMETERS TO TRILCOR SYSTEM COMFIGURATIOM

[ COMMON YARIABLES t I I

LgSIcAL X1 HAZC 3>, HAZRCS >
INTECZER I12¢2%$6>
INTEGER®4 l4c12>

REALX4 R4C54)

INTEGER IDATAC 1808

COMMON HAZEL-HAZ ., HARZA
COMMON /VYARBLE/I2., I4.R4
COMMON #TEMPS-IDATA

¥ END COMMON BLOCK £ X X

£ BEGIM COMMON ODESIGNATIONS xr % X

INTEGER IRCTYSI(E).IACTYC(E), IPROBECS), IMEATCE:, IPPREEBC 3
INTEGER IFILECS.3>, ITEXTC6.89 ", ICDATECS. 3>

INTECERX4 [PPTBBC(6)>

REALX4 PPRSOC6:,PPBETACES, PPACE ), PPBCE). PPVYEB( G

REALE4 CTEMPCE), RLTEMPCE)

EQUIVALENCE CICOM, I2<C 1)), CIACTVYSC(L1 >, I2¢2>>
EQUIVALENCE CIPROBECLI D). I2C8)D), CIHEATC1), I2<C 14>
EQUIVALENCE CIPPRBBC1).12C_a08B)Y), CIPSR., I2¢28 )
EQUIYALENCE CIPSP,l2<C27553., CISR, I2728)>»
EQUIVALENCE CISP.12<235>. CITEXTCL., 13, [2¢ZQ >
EQAUIVALENCE CICDATECL., 1), I@C158 ), CIACTVYCC I, I2C162 0
EQUIVALENCE CIFILECLI.1),I2C174)), ClaUuTOoC, 12¢132 3>
EQUIVALENCE CIEXREP, I2¢193))

EQUIVALENCE CIPPTBBC1)Y. I4C1)>)

EQUIVALENCE C(PPRBBC 1 >.R4C 1)), CPPBETACL D, R4<C 7))
EQUIVALEHRCE CPPRC L)Y, R4C13DY, CPPBC1),R4C 19>
EQUIVALENCE CPPYBBC1L 3, R4C2T )., CCTEMFC 1>, R4<(315)
EQUIVALENCE CRLTEMPC L. R4C37 >, CRURLIM, R4 4257
EQUIYALENCE CRLALIM,.R4< 44>, CAUTOTN, R4C 45
EQUIVALENCE CRAUTATU., R4C 465 ), CEAINT.R4C 472>

X EHND COMON DESIGNATIONS E 3 S

x BEGIN LOCAL YARIABLES X X X
INTECER JDATAC12)
EQUIVALENCECATENM, JOATACS ) ). CBTEM. JBARTAC(ZT >
EQUIVALENCECRBOTENM, JDATACI D). CBETAT. JOATACIL1)
EQUIVALENCEC IYERR, JDATAC4)Y)
EQUIYALENCEC IMONTH, JOATAC2Y)3,.CIDAY., JOATACZ DY)

* END LOCAL VARIABLES X X X

2 BEGIMN CODE SEGMENT X x 2

®t CLEAR ROW AND GET SET TO TYPE REQUEST £ x X
HAZAC 3 )=32

HAZAC 4O>mZ2

CALL PRIMTC(HAZA)

HAZC L >=22

HAZ(2 )=89

CALL PRINTCHAZ)

FORMATC >

t CHANGE HEAT PULSE OURATIONS £ & ¢ 3
IF CICAM.NE 72) GOTO 190
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TYPE 30
32 FORMATS "UPLATE HEAT PULSE DURATICN COF WHICH CHAMNMEL 2 L L
SCCEPT 42,1
453 FORMATC I D
TYPE 28
IF ¢CI.LT.1.0R.I.GT. 6> GOTG S
CARLL PRINTCHAZA)D
CALL PRIMTCHAZ)
TrPE S@
FORMATC 'ENTER NEW MEAT PULSE DURATION L )
ACCEPT 68, IHEAT/I)
€3 FORMATC I3
COTO 1980

X3
w

S X £ x CHAMGE FILENAME X X X

190 IFCICOM.ME. ”9)> GCOTO 2080
TYPE 119

112 FORMATC 'UPCATE FILENAME OF WHICH CHANNEL 2 PR 2
ACCEPT 129.1I

123 FORMATS I 2

TYPE 29

IFCI.LT.1.0R. I .GT.6> GOTO S

CALL PRINTCHAZA)D

CALL PRINTCHAZ)>

TYPE 120

FORMATC ‘ENTER NEW FILENAME - — - AARANNN '.$)

ACCEPT 1358, IFILECI, 1), IFILECI.2),IFILECT., 3D

FORMATC 3R2>

TYPE 29

DECOQOEC2, 163, IFILECTI, . 3. ERR=17B)IIFILEA .

1£9 FORMATC L2
[FCIFILECT,.2).GT."20080 AHD . IFILECI.2,.LT.“238@0 > GOTS 1889

172 CALL PRINT(HAZA)
CALL PRINTCHARZ S
TYPE 130

13@ FORMATC ‘' INCOQRRECT ENTRY = TRY AGAIN - AAANNN ‘L%
COTO 149

- e
- 0
[ ]

T X X £ CHANGE PROSES, TEXTS, AND BRIDGE BALAMNCES X x %
2ae IF CICOM.NE.38)> GOTO 489
HAZ( 1 =26 )
HAZC2 )=~ 200 .
2es CALL PRINTCHAZ) ;
TYPE 20 o
TYPE 2! \
218 FORMATC ‘UPOATE PROBE INFORMATION OF WHICH CHANNEL 2 ', $3 :
ACCEPT 213.1 !
a1s FORMATC T 3 {
TYPE 20 '
IF ¢CI.LT.1.0R.[.CT.6> GOTO 20S '
217 CALL PRINTCMAZS ;
TYPE 313.1L i

1

-
(o]
-

218 FORMATC 'PROBE IS ON CHANNEL
TYPE 229, [PROGECT)

aze FORMATC " PROBE NUMBER - .13
TYPE 22%5.PPRBOCT)

2a< FORMATC ‘RBO - *,F8.25
TYPE 238.,PPBETARCI)D

220 FORMATC ' BETA -
TYPE 23F.,PPACID

2Ts FCRMATC 'A -
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cC % %t x

F 3 I

uo
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TYSE 24@.PPSCTI

FORM4TC'S - ',FS 4

TYPE 24S5.< ICOATECI. K. K=1.232)

FCRMATC 'PRCEE CALISRATED 28 -~ .12, '.I&, -'.12?»
TYPE 252, IPPRBBC(I

FORMAT, ‘BRINDCE BALANCE RESISTANCE ~ - . I47

TYPE 25S.PPYESCI)

FORMATC 'BRILCGE BALANCE VOLTAGE - - ',FS. 2>

CALL CVYTTIMC IPPTEBC I ), KHRS,.KMINLKSEC.KTICKS >
TYPE 283, ¥HRS,KMIN, KSEC

FORMATC ‘BRIOGE SALANCED AT - - L2 3,2 o
TYPE 26S.(ITEXTCI.K). K=1,29) :
FOKRKMATC " TEXT - - ',20982 :
TYPE 29
TYPE 29 i
TYPE 27@
FCRMATS ' TYPE "P* TO SHANGE PROSE' ) !
TYSE 278
FORMATC * *8% TO CHANCE BALANCE' >
TYPE 288
FORMATC ¢ “T* TO CHANGE TEXT'
TYPE 283
FORMATC * “C" TO WORK WITH MHEW CHAMMNEL ‘)
TYPE 285
FORMATC ' OR “E*" TO RETURN TO SMORGASBOARD ‘.3 ]
ACCEPT 296.K !
FORMATC A >
IF ¢CK.€Q4. €)Y GOTO 1909

CHANGE PROBE NUMBER ANDO CALIBRATION CATAR X £ X
IF CK.NE. ‘P') GOTO 220
TYPE 295 {
FORMATC ‘ENTER NEW PROBE NUMBER ‘. $) :
CAaLL ASSICNC 3, ‘FDQ: PROBE.OAT'. 13D .
READ ¢TI r»INUM :
INUMa JNUMX 12

READCIICIDATACK Y, Kml, TNUMD
CALL CLOSEC3)
ACCEPT 298.K
FORMATCI3D
J=1
IFIK.EQ. IDATACJY)> CGOTO 319
JaJ+12
IFCI. LT . INUMSY CQOTO Z80 :
TYPE 308 h
FORMATC 'NO PROBE EXISTS WITH THAT OQESIGNATION'D |
GOTO 217
IPROBE( [ )=K j
on 320 Kwi,12 :
JOATACK )= IDATACJ) i
JuJj+l )
CONTINUE
PPACI d)maATEM
PPEBC I )=BTEM
PPREBAC ! »=RBITEM
PPSETAC I )=BETAT
ICOATECL. 1 )= [MOMTH
ICOATES I, 2 =I0AY
[COATECL, I>=sIYEAR
coTo 217

CHANGE BRIDGE SBALANCE x £ 2
IF CK.NE. '3')> GOTO 379
TYPE 333
FORMATC ' CURRENT RAW 0ATA CURRENT MILLIVOLTS' >
g
iFZI €EQ. 15 GOTO 349 b

.




30 243 J=1,1-1
WaK+" 439
241 TONTINUE ’
Za2 HAZACZ mS ]
HAZIRC 4 >=32
S47 TYPE 20
CARLL PRINT(HAZA)
ISEC=KSEC
CALL IPOKEC("17677d.K "
Ju[PEEKC 176772
1=y
[FCJ. Q7. "3777) Jil=JS=-"1004G0Q
PPYVEBC( I )= J{-383 3847613
TYPE 258.J.PPYBBCI)

U S

2g9 FORMATISK.06, 19X, F7 . 4>

TYPE 35S
35S FORMATC ' PRESS AMHY KEY WHEN DESIRED BALANCE I35 REACHEDR '
€9 CALL IPOKEC "44, "31010@0@.0R. IPEEKC "44 )

JeITTINRC )
CALL I[POKEC"44, "1€7€77 . a0 . IPEEKL "443) ;
IF(J.CE. 8> GOTO 368 R
CalL CTIMCIPPTBBCI))
CALL CVTTIMCIPPTEBCI ). KHRS, KMIH, KSEC. KTICKE >
IFCKSEC . £Q. ISEC)Y GOTC Ie0
GOTO 347
2359 TYPE 334
3 FORMATC 'ENTER B8RIOCE RESISTANCE BALANCE ', $>
ACCEPT 267, IPPRBEBCI)
3€7 FORMATCI4)
GOTC 212
S % 2 2 CHANGE TEXT £ % %
37 IFCK.NE. 'T')> GOTO 2Z8S
TYPE 2Z7%
7S FORMATC ‘ENTER NEW TEXT - 1234%56269812343678%9,
1 ‘1234567999123 43567890 ' >
TYPE 220
IE9 FORMATC ! ‘%D
ACCEPT 382.CITEXTCI.KJ.K=1,20)
IB2 FORMATC2OR2 D
GOTO 212
38S IFKK.EQ.'C*)> GOTO 2S5
TYPE 39@
30 FORMATC ' INVALID ENTRY ~ - TRY AGAIN‘,$)
GOTQO 288

C X £ &% CHANGE SAMPLE PARAMETERS £ % ¢t

439 IFCICNM NE.32) GOTO S@e
TYPE 410

443 FORMATC ' ENTER NEW VALUE OF PRESAMPLE OURATION (SECY ‘L8
ACCEPT 429, [PSR

429 FARMATL T4,
TYPE 20

CALL PRINTCHAZA)>
CALL PRINTC(HARZ:
TYPE 430

4320 FORMATC 'ENTER NEW PRESAMPLE FREQUENCY (A2 i
ACCEPT ¢298, PSP
iPSP=ga-IPSP
IPSA=IPSRXEI/ (PSP
TYPE 29
CALL PRINTCHAZA>
CalLl PRINTCHAZ
TYPE 44¢

y - .- . B

P i,
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te3 TIRMATC 'ENTER MEW VALUE OF 3aMPLE CURATION r ZEC: R
ACCEPT 421, 1SR
TYeE 29
call PRIHTCHAZAD
CALL PRINTCHHAZ)
TYPE 459
453 FORMATC "ENTER NEUW SAMPLE FREGUENCY C(HZ)O ‘.t
ACCEPT 429, ISP
[3Pw=6R. ISP
[SRuISRESI- ISP

GOTC 18e8
C £ X & CHANGE CHAHMEL ACTIYITIES X X X
Sed IFCICOM NE.79)> GQOTO &09
TYPE 513
sSi8 FARMATC ‘ENTER SaMPLE CHANNEL ACTIVITY AS A SIXK IT 8INaRY',
1 ‘' NUMBER PR ]
ACCEPT S28. IAlTVS
sa2 FORMATC 501 3
TYPE 20

CALL PRINTCHAZA)>
CALL PRINTCHAZ>

TYPE S49

sS40 FORMATC ‘EHTER CALCULATE CHANNWEL ACTIYITY AS & SIXK 217,
1 ‘ BINARY NUMBER ‘. %)
ACCEPT SS9.TACTVC

-1~ FORMATC(ECL Y

CC S78 J={(.6
IFC[ACTVSCJU)Y. EQ. 92 GOTO 563
IACTYSC Som ' QY

11 IFCIACTYCC(J ) . EQR. @) GOTO S7O
IACTYCC JOI="ON"
79 CONTINUE

C £ & ¥ CHANGCE ALARM LIMITS 2 x X

s009 IFCICOM.NE.”?S> GOTO 7@@
TYPE 619

619 FORMATC " “HTER NEW UPPER ALARM LIMIT (MV> .$°
ACCEPT 629.RUALIM

sae FORMATCFS . 2)
TYPE 20

CALL PRINT(HAZA)
CALL PRINT(HAZ)D

TYPE <38

639 FORMATC 'ENTER NEW LOWER ALARM LIMIT <(mMY)> *,$>
ACCEPT S4¢.RLALIM

549 FORMATI(FS 2>

GCOTO 1098

C T X %t CHANGE EXPERIMENT REPEAT DATA X % X

-1} IFCICOM .NE.S9) GOTO 899
TYPE 719

710 FORMATC ' ENTER NEW EXPERIMENT INTERYAL < SEC) ', $)
ACCEPT 720. J

29 FORMATZ I4)
EXINT=J %€Q .2
TYPE 29
CAaLL PRIMTCHAZA
TALL PRINTCHAZ)
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TYPE 729
73z FOARMATC 'ZNTER NEW EXPERIMENT REPESTITIONS ' .t
ACTEPT 7493, IEXREP
7+40 FORMATI 2D
TYPE 20
call PRINTCHAZAS
call PRIMTCHAZ)
TYPE 7S50
1 FORMATC 'ENTER NEW TIME UNTL MEXT EXPERIMENT (SEC. ‘.$>
ACCEPT 758.J
rea FORMAT T4 )
AUTOTN=JkER
TAUTOC =9
30TO0 1989

) CCONTIHUE

-1 ] HAZ(2)>="228
QETURN
END

-
(/%]
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THIS SUBROUTINE PERFORMS THE ACTUAL SAMPLING QF THE
DATA AND CREATES DATR FILES ON DISK FOR EACH ACTIVE

CHANNEL

YARIABLES r 2z x
HAZC(I ). HAZAR(S >
I12¢a2s6>
I4¢12>
R4¢64>
IDATAC 1800 )

COMMON
L3GICAL«k?
INTEGER
INTEGERX4
REARLXL4
INTECER

/HAZEL/MAZ ., HAZA

COMMON ~VARBLE-I2,14.R4

COMMON ~/TEMPS/IOATA
END COMMON BLOCK

COMMON

X X x

BEGCIN COMMON UESIGNATIONS x € X

IMTEGER IACTYSCE>. TACTYCC(E)., IPROBECS), IMNEAT(5). [PPRBECS)
INTEGER IFILECE.3), ITEXTCS,20, ICDRTEC(E., 2D

INTEGERX4 IPPTBBC(S)

REALE4 PPRBBCS),.PPBETACE . PPAR(S).,.PPEBC(E6)Y.,. PPVBEBIS)

REALX4 CTEMPCE ), RLTEMPCGE)

EAUIVALENCE crcoMm. 1a2<i1or>,
QUIVALENCE ¢ IPROBEC1), I2C813 ),
EQUIYALENCE CIPPRBBCL Y, 12CR28B) )Y,
EQUIVYALENCE CIPSP., IRCATZHID.
EQAUIVALENCE CISP,I2C29)).
EQUIYALENCE CICDATECL. 1), I2¢C 1S3>,
QU IVALEMCE CIFILECL. 1)y, I@C1740),
EQUIVALENCE <IPPTBBC1),I14C1)>
ERQUIVALENCE CPPRBBC1)I.R4C 15,
EQUIVALENCE CPPRCLD.R4C12ZDy,
EQUIVALENCE CPPYBB(1)0.R4C25 3>,
EQUIVALENCE CRUTEMPC1 ), R4C32)5),
END COMON DESIGMATIOHNS X x X

T £ x BEGIN LOCAL DECLARATIONS x X X

%

x

INTEGER I[QFFSTC(6>

INTEQER ITIMCC(6)
INTEQERZE2 KTIMC2)

INTEGER ITIMBCE)

INTEQER IFILETC18)
INTEGER IFILEAC?>

INTEGER KODATEC3)
INTECER®X4 JTIM, ISTIM
EQUIVALENCE (XKMON,KDATEC L
EQUIVALENCE <(KYEAR,KDARTE(

35,
3o
ENO LOCAL DRECLARATIONS x

<
.
z %X

X 8ECIN CODE SEGMENT x 1 x

4

HAZC 1 )=26§

TYPE 1

FCRMATC ' NOW PERFORMING SAMPLE ‘>
CALL PRINTCHAZ

CHRARGE LAST TEMPERATURES r % X
00 193 1I=1.6
RLTEMPC [ )=CTEMPC I
CONTINUE

SLEAR IDATA ¢ £ =2
C0 S (=1.1880

CIRCTYSCL . [2¢C2 >
CIHEATCL ¥, I27 147>

CIPSR, I2¢26 5

CISR, [2C28)

CITEXTCL1.,15,12C32B5)

CIACTVECL Y. IBC 68
CIAUTOC., I2C 1285

C(PPBETRC L J.R4C 7))
CPPBC1),.R4C193)
CCTEMPCL ), R4CZ1 »>
CRUALIM, R4C43Z >

KDAY.KDATEC2 )
CITIM KTIMCL 3>

b e ear e w

o TN

..... it il . e
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E

x

x

x

x

x

x

z

E

x

x

3

x

IDATAL I d=
TONTINUE

SET PQINTERS INTO IDATH r x X
JTEMP=2+IPSR+ISR
Kml
00 2@ [=1.6
IOFFSTC I d>=IPSR+2
IF CIACTVYSCI) . EQ.2) GOTE 28
IOFFSTC I >=K
K=+ JTEMP
CONTINUE
JiI=IOFFSTC1)
J2=I0FFSTC(2)
JI=I0FFSTC(3>
J4mIOFFSTC4)
JE=IOFFSTCS)
JE=IQOFFSTCE D

FIGURE QUT SHORTEST AND LONGEST HEATING PULSES

IHEATS=120@

Q0 68 I=1.6

IF CIACTVYSCI> EQ.Q®)> GQTY 68

IF CIHEATS.LE. IHEATC(I)>> GOTO 68
IHERTS=IHEATC I D

CONT INUE

IHEATL =8

QQ 20 I=1.6

IF CIRACTVSCI)Y>. EQ. @3> GQTO 79

IF CIHEATL GE.LIHEATC 1)) GOTR >O
IMEATL=IHERTC(I>

CONTINUE

SET TIMES TO PERFORM PRESAMPLE
ITIMA™]
ITIME=IPSRXIPSP+ITIMA+IHEATL
ITIMO=ITIME-THEATS
00 73 I=i.6
TTINCC IDISITIME
ITIMBCI d)=ITIME
CONTINUE
00 88 I=1.6
IF CIACTYSCI)>.£Q.Q> GOTO 89
ITIMCC L )= ITIME~IHERTCI D
ITIMBCID=ITIMCC [ D~IPSRXIPSP
CONTIMUE
ITIMFeITIME+ISRXISP
ICQUNT™1

CLEAR OUTPUT VARIABLE % x %X
IPIO=3

SET TIME OFFSET * 2t %
CALL CTIMCJITIM>
ITOFF=KTIMC2)

PERFORM EXPERIMENT % X =%
CAlL GTIMS JTIM)
ITIM=KTIMC2)~ITOFF
IFCITIM . NE.ITIMAY GQOTO SO
ITIMA=ITIMA+1
CALL IPOKEC“176779."“1)
IDATAC J1 dmIPEEKC " 126272
CALL IPOKEC"1>6778, “481°>
I0ATAC J2 )= IPEEKC " 176772

k3

k3

x

59

X




tee

113

129

138

1682

179

139

ise

CAaLL IPOKEc"176778.,"1001)
IDATACII »=IPEEK("176772)
CALL IPOKEC“176778. "1431)
IDATAC J4 )= IPEEKC " 176772)
CALL IPOKEC"176770, 2901
IBARATACJIT '=IPEEK( ¥17852772 )
CALL IPOKEC“1762778, “2401)
IDATAC JE IS IPEEKC( “1276772)

IFCITIM GE.ITIME)> GOTO =220

IFCITIM NE. . ITIMBC1)>> GOTO 118
IFCITIM EQ. ITIMCCL1 ) GOTO 188
IPIO=IPIO.OR. "1

Jimdli+1

ITIMBC 1 X=ITIMBC 1 >+ PSP

GOoTO 110
IPIO="12D2276 ANOD IPIO OR. 498

IFCITIM NE. ITIMBC2>)> GOTO 13@

IFLITIM . EQ.ITIMCC2)0)> GOTO 128

IPIO=IPIO.OR. "2

JesJa+1

ITIMBC2)>wITIMBC(2 )+ IPSP

ZCTO 128

IPIQ®m=127273 ANO.IPIO . OR. 19090

IFCITIM NE . ITIMEC3)>> GOTO 1S@
IFCITIM EQ.ITIMCC3)>)> GOTQ 140
IPIO=IPIO.OR. "4

JE=m 2+

ITIMBC I)=ITIMBC3 )+ IPSP

COTO 15@

IPIOm= 127773 AND . IPIO.OR. "220809

IFCITIM NE.ITIMBC4>)> GOYTO 170
IFCITIM.EQ.ITIMCC4>> GOYO 1609
IPIO=IPIOC . OR.*18

Jem ey

ITIMBC 4 )=ITIMBC4 >+ IPSP

GOTO 179
IPIO=®177767 . AND.IPIOQO.OR. "4000

IFCITIM . NE.ITIMBCS>) GOTO 198
IFCITIM . €Q.ITIMC(S)>) GOTO (88
IPIO=IPIO.OR. "29

SSaJS+L

ITIMBCS >=ITIMBCS)+IPSP

GOTO 190

IPI0w®1277S7 AND.IPIO . OR. "10009

IFCITIM NE.ITIMBCED>)> COTO 218
IFCITIM. EQ.ITIMCCS>)> COTO 299
IPIO=IPIC.OR. 40

46mJEr1

ITIMBCS >m [ TIMBCE X+ IPSP

GOTO 218

IPIQu" 127737 . ANO . IPI0.CR. "28020Q

CAaLlL IPOKEC"12773%6.IPIOD
CoTOo 99

CALL IPOKEC"177336, %100
IF CITIM . EQ.ITIMF) COTO 309

IFCITIM . EQ. ITIME) CALL GTINMCISTIMD

Gt #a ). .




c =
308

c £
310
329
J40
343
419

429

358
s7e

c =

S99

nhao
]
o6

629

ICOUNT=ICOUNT~1
IFCICOUNT ME O GQTO 90
ICOUNTaISP

JimJi+g

Ja2mJ2+1

3= Y3+t

JemsJ4+1

JO=JS+1

JEm jg+1

GOTO 9@

X x CLEAR OQUTPUT LIGHTS Xz x
CAlLL [POKEC"1279356.0)

£ £ OUTPUT TEMORARY PRESAMPLE DATA X X X
TYPE 218
FORMATC 'EXPERIMENT IS DONE' D>
TYPE 329
FORMATC ' FIRST TEN PRESAMPLE POINTS OF EACH CHANMEL '
D0 348 (=1.6 !
TYPE 349.<IDATACJI) . I=mIOFFSTCID, IQFFSTC(IY+3)
FORMATC 1807 >
CONTINUE
TYPE 4190
FORMATC >
TYPE 429.CI0FFSTC(IO>.I=1.,6>
FORMATC(EID)D

x x SUTPUT TEMPORARY SAMPLE DATA x X %
TYPE 410
TYPE SISO
FORMATC 'FIRST TEN SAMPLE POINTS 0OF ERCH CHANNEL ' >
TYPE 410
00 S70 I=1.6
TYPE S68.<CIDATACJI), JmICFFSTC I D+IPSR. IOFFSTCI )+ IPSR+3>
FORMATC 1007)
CONTINUE

2 &€ CUTPUT OATA FILES = 2 %

IFILEACL )= 'FD"’

IFILEARC2)= " 1

IFILEACS))=' D°

IFILERC Z? D= QT

CALL IDATECKMON,KODAY.KYEAR)

00 S99 [=1,18

IFILETC I )=~29840

CONTINUE

D0 610 1(=1.6

IF CIACTVYSC(I)Y . ER.@> GOTO 618

00 623@ J=i1.3

Kal&3-3+J

IFILETCK)I=IFILECT I

COMTINUE

CONTINUE

D0 799 [I=1.5§6

IF CIACTYSCI>» EQ@.Q)> GOTO 790

00 628 J=1.3

IFILEAC J+2)=IFILEC T, J)

CONT INUE

CALL ASSIGNC3, IFILEA. 14)
WRITEC3I>1,.ISTIM, KDATE, I, IFILET.CITEXTCI.K).K=1,28),
IPROBES I ). PPRBQAC I D, PPRETACTI »,PPAC I ), PPOC I,
CICOATECI,.K), K=1,3),

IPPREBCI), IPPTROC I, PPYEBC T 3. THEATCT ), [PPSR, IPSP.,
ISR, [SP.CIBATACK)I . KaIQFFSTC [ ), ICFFSTC L 5+ [PSR~ISR~1

WA

IS e s
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CALL CLOSECI)
eV CONTINUE

C £ 2 2 WRIT FOR RESPUNSE BEFOJORE RETURNING TO MaIN x % X
IFCICOM.EQ . 63> GOTO 829

TYPE 8089
399 FORMATC 'PRESS RETURN TO EXIT BACK TN SMORGAS8BOR0O ')
ACCEPT 919.1
319 FORMATC A >
929 RETURN
eMO ,

_ .

R it CRET L VRS
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SUBROUTINE CALC

< THIS SUBROUTIN READS IN THE DESIRED DATA FILES
c AMD TAlLLS CRUNCH WHICH PERFORMS THE
c ACTUARL CALCULATIONS
c £ T x COMMON VARIABLES % & x
LOGICAL®1 HAZC 3>, HAZAC S D
INTECGER I2¢236>
INTEGER® 4 r4cia>
REAL X4 R4CE4 >
INTEGER IDATAC 1308 >

COMMON ~HAZEL-/HAZ, HAZA
COMMONM /VARBLE~-I2.,.14.R4
COMMON /TEMPS-IDATA

c %X x x END CCMMON BLOCK X % X

c LI BECIN COMMON DESIGMNATIONE X X X
INTEGER IACTYSCS6), IRCTYVCI(6), IPROUBEC6), IHERT(S ., IPPRB3S(E
INTEGER IFILECGE.3), {TEXTCE,28), ICOATECE., 3

ZQUIYALEMCE CICDATEC1.,13,12C158)5), CIACTVCC1)>,I12¢C1€8>
EQUIVALENCE CIFILECL,15,I2C174)5, CIAUTRC, I2¢192))
X X END COMON DESIGNATIONS *x 2x =

¥

[o4
cC = £ x BEGIN LOCAL VARIABLES % x 2
INTEGER I[FILEaACZ) '

C % X x END LOCARL VARIABLES x x X i
X% BEGIN CODE SEGMENT X £ X :
IFILEAC 1 )="'FD" |
IFILERC2 )= 1 .
IFILEARCSE )="' D°
IFILERC? )= 'AT!

[y}
*
"

HAZC 1 )=m26
CALL PRINTCHAZ)D

00 192 I=1.6
IFCIACTVCCI>.EQ.8> GOTO 180
TYPE S.I
S FORMATC ‘CRUNCH CHANNEL HNUMBER ', 1)

00 18 J=1.3
IFILEAC J+2))=IFILECT, JD . d
12 CONTIMUE ;

CALL ASSIGNCI, IFILER., 14>
RERDOC 3, ERR=63)> IDATA

50 CALL TLOSEC3)
CALL CRUNCH

TYPE 79
3 FORMATC ' SACK FROM CRUMNCH')

i1ee CONTINUE
“IZCEPT 2@
32 FORMATC A
RETURM
MO
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{ BEEGIN )

\/

Call
SAMPLE
If Needed

\

Call
CALC
If Needed

\

Increment
Active
Filenames
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Experiment
Repetiton
Parameters e

/———: |
RETURN

Figure 19. Flowchart of Subroutine AUTO
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SUBROUTIME 4UTO

THI3Z SUBSROUTINE CalLl SAMPLE AMD CALCULATE,
IMCREMENTS FILENAMES A&MO 4aDJUSTS
REPETITION PSRAMETERS

® X k COMMON VARIABLES X % X

LCGICALK]L HRAZCI 7, HAZACS >
INTEGER I2¢236>
INTEGER®4 14C12>

REAL E4 R4CE€4)

INTEGER IDATAC 18808 >

COMMON ~HAZEL-/HAZ.HAZA
COMMON “VARBLE-I2.14.R4
COMMON /TEMPS/IOATA

E N S 4 EMO COMMON BLOCK X % %

£ ¥ x SEGIM COMMON DESIGNATIONS %k x X
INTEGER I[RCTYS(6), IACTVCC(E), IPROBECE), IHEAT(E), IPPREBEB(E
INTEGER IFILEC(S.3), ITEXTC(&.28 7, ICOATEC(S.,3

EQUIYALENCE CICOM, I2<C15), CIRCTVEC LD, I2<C2 2>
EQUIVALENCE CICDATEC1, 1>, I2C15@3>, CIACTVYCC(1 2, 12C188)7
EQUIV&LENCE CIFILEC1.,15,123C174))5, CIAUTOC, Z2% 1225
CAQUIVALENCE CIEXREP., I2¢ 133>

EQUIYALENCE CRLALIM . R4C 4455, CAUTOTN, R4 45>
EQUIVALENCE CAUTOTUY ., R4C 46>, CEXINT.R4( 4735

Kk % & ENO COMOM DESIGNATICNS L S I 4

X X ¥ BEGIM LOCAL VARIABLES x X% X
INTEGER®4 KTIME
INTEGER KTIMCca>

EQUIYALENCE (KTIME,KTIMC1)3)>
®* % ¥ END LOCAL VYARIABLES * 2 %

£ X ¢ BEGIM CODE SEGMENT £ 2 K
CALL CGTIMKKTIME >
AUTOTU=SSS36. OXKTIMC 1 d+KTIMC 2D
AUTOTN=EX INT

* £ 2 PERFORM SAMPLE C(IF NEEDED)> % X %
J=a -
00 190 I=1.,6
IFCIACTYSCI ) NE. Q) J=J+i
CONTINUE
IFCJ.NE. @) CALL SAamP

£ X & PERFORM CALCULATE ¢ IF NEEDED> x X X
J=Q
00 119 I=1.,4
IF CIACTYC  IY NE. B3 JmJ+l
CONTINUE
IF <J.ME. 3> CALL CaLC i

£ % X INCRENENT FILENAMES * % %
DO 188 I=1.6 i
IFCIACTVSCI).EQ.@.AND. IACTVCC 1> . EQ.8) GOTD 180 l
CECODEC 2, 129, [FILEC 1,35 ) IFILEA
FORMATC 12 ) I
IFILEA=IFILEAL !
f
F

TYPE 125,1.IFILECL.33, IFILEA
FORMATCI., * ‘s AZ, ! tLI3

IFCIFILEA.LT.10@)> COTO 163




IFILEA=Q
¢ A00 138 X x X
IFILEB=IFILECI.27+"400
TYPE 14@. IFILECI.2>,IFILEB,IFILEB
FORMATCAR, ‘LA, ‘.07
® CHECK GE TO XXX909 x % x
¥ LEAVE AT XXXE299 x x X
IFCIFILES . GE. "34480> GOTO 18@
IFILECI.2)>=IFILEB
ENCOOEC2,1709, IFILECI.3IJ>IFILEAR
FORMATC I2)
IFCIFILEN LT.10) IFILECI.3)=IFILECLI,.3>.0R."63
IFCIFILEA EQ. 8> IFILECI.3 )="30068
CONTINUE

* UPDATE AUTO PARAMETERS x X %
IEXREP=IEXREP-1
IFCIEXREP . NE . 8> CQOTO 200
ICOMmM='8"
AUTOTN=9 .2
IEXREP=1

RETURN
END
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SUBROUTIME DATA

o THIS SUBROUTINE ALLOWS THE USER TN EITHER LIST
c AN ENTIRE OATA FILE OR PLOT & FILE ON THE ]
c GRAPHICS TERMINAL
C %X & £ COMMON YARIABLES * % %
LOGICAL®1 HAZC 3, HAZACS S
INTEGER 12¢ 256 )
INTEGERX4 14¢12)
REALX4 R4¢&4) ]
INTEGER IDATAC 1880

COMMON ~HAZEL-/HAZ.HAZA
COMMON /YARBLE-/I2,1+4,R4
COMMON ~/TEMPS~-IDATA

c 2 X & END COMMON BLOCK X x X

C % 2 £ BEGIN LOCAL DESIGNATICNS X% x X
INTEGERX4 ISTIM
INTEGER KDATEC(3I ), IFILET(18), ITEXT(208)
INTEGER ICDOATECID
REALTY PPRBO.,PPBETA.PPA,PPS.PPVBE
INTEGER®4 IPPTES
REALX4 DATAC 1880 )

INTEGER IFILEACY)
COMMON ~/GRID-ZIX,IY
C * X x ENO LOCAL OECLARATIONS x x X

IFILEAC 1 d="'FO "
IFILEARC2 )= 1
IFILERCS)>=" D
IFILEAC? )= ' AT

1@ JTEMP=ITTOURC 26> [
TYPE 30
30 FORMATC :
TYPE 48
40 FORMATC 'ENTER FILENAME YOU WISH TO OPEN ‘. S$) ;
ACCEPT S@.IFILEAC3 ), IFILEAC4), IFILEACS) ‘
b1 ] FORMATC AR2.A2,A2 )
CALL ASSIGNC3,IFILEA.14)
READ ¢(3.ERR=69) J, ISTIM.KDATE. I, IFILET, ITEXT, [PROBE, :
1 PPREBO., PPBETA, PPR., PP, ICOATE. IPPREB. IPPTEB, PPYS8., :
2 IHEAT, [PSR. IPSP., ISR. ISP. IDATA
€0 CALL CLOSEC3)>
ICHAN=]
s TYPE >0
’9 FORMATC 'ENTER *"G" FOR GRAPHICS OR *L" FOR LISTIMGC'>
ACCEPT 80.1
se FORMATCA D
tFCI.EQ.'G' > GOTO S92
T X X £ LISTING PACKAGE R
falCHAN
TYPE 189.J
100 FORMAT: *DATA VERSION - - ,I)
CALL CYTTIMCISTIM, KHRS,KMIN,KSEC, KTICKS
TYPE 11Q.KMRS,.KMIN,KSEC. KDAT E
119 FORMATC 'SAMPLE TIME - ~ ',I2,':*',I[2.':',12, .
1 ' ORTE =~ -~ .12, '~7'.12.'7*,12
TPE 123.1
129 FORMATC ' CHANNEL OATA RECIEYED FROM - - ', 1

intidnd ittt




TYPE 132

122 FARMATT 'ACTIVWE FILES AT SAHMPLE TINME'
TvPE 14, IFILET
1=-3 FERMATC ‘1= ‘,3m2., ' 2- *',ZA2,' 3- ',3R2.' 4~ ', 3ZR2,*' S- .
1 A2, ' 6~ 'L3A2D
TYPE 1%92. ITEXT
133 FORMATC 'TEXT - ~ '.,29K28)
TYPE 133, IPROBE
1538 FORMATC 'PROBE DESIGNATION - - ', I3
TYPE 160.PPRSE, PPBETA,PPA, PP !
1€3 FORMAT. 'REBO - ~ ',F2.2." BETA - - ',.FB8.3,
1 ‘ A - - 'LF8.4," 3 -~ - '.F8.4)>
TYPE 1€3, ICOATE
138 FORMATC 'CALIBRATED ON - ‘.12, ‘'~ ', I2,'7', I&>

CALL CYTTIMCIPPTEB., KHRS, KMIN,KSEC, KTICKS >
TYPE 1706, IPPREB, PPVEB, KHRS. KMIN, KSEC

-4 -] FORMATC 'BRIDGE BALANCE : OHNS - - ',16,' YOLTS - - '.FS 2.
1 ' TIME - - *LI@,':f,12, 0, 02)
TVYPE 189, IHEAT
120 FORMAT, 'HEAT PULSE DURATION - - ', I4) ]
TYPE 1959, IPSR, IPSP
18 FORMATC ' PRESAMPLE RERDINGS ~ ~ ‘', I4,
1 'PRESAMPLE PERICO - - ', I3
TYPE 2€9. ISR, ISP
209 FORMATC ! SAMPLE READINGS - -~ ‘., I4,
1 ' SAMPLE PERI!CO - - ', I3)

APREAB=T 2S5/ 73777

00 29SS K=:, IPSR+ISR

IFCIDATACK Y . QT . "3IP773 IDATACK =I0ATACK Y- " 13388
DATA(K )= I0ATACK )XPPRED

29% CONT INUE ¢
TYPE 218

219 FORMATC ' PRESAMPLE OATA CMILLIVOLTE ' >
00 228 f=1.1IPSR.10
Jal+9

IFCIPER-I . LT .95 JS=IPSR
TYPE 229.CO0ATACK)I . Knl. Jd>

2z9 FORMAT. 1OF7 . 4

222 CONTINUE
TYPE 229

230 FORMATC 'SAMPLE BATAR ! CMILLIVOLTS)>' ¥
00 245 !=IPSR+1,[PER+ISR. 10
Jml+9
IFCIPSR+ISR-I.LT.9)> JU=mIPSR+ISR
TYPE 249.C¢(DATACK)Y.K=I1,J3)>

243 FORMATC1OF 2 . 43

243 CONTINUE
GOTO 239

C T % X GRAPHICS PACKAGE X 2 %
Sa8 JTEMP=ITTOURCR2S >

C * & % SET GRAPH 51ZE

JTEMP=ITTOURCLIZ

IAMIN=ZS

iXMAK=1318

IYMIN=4@

IYMAX=?49

TYPE S10©

FORMATC ‘00 YOU WANT DIFFERENT SIZE GRAPH? 'Y
ACCEPT 3S290.1

FORMATCAD

IFCT NE. 'Y' ) GOTO S43

TYyPE 330

FORMATC 'CONSIDER THE SCREEN T BE 138 8% 129'

(*}
-
o

(L]
(¢
[

(L)
(1]
[




| 322 TYPE 93T
PE 3T FORMATI 'ENTER LEFT HORIZONTAL MARGIM FRCM 2 TO 29
e ACCEPT 940.1
< ERT) FORMATC I
TYPE 45,1
S45 FGRMATC 'ENTER RICHMT HORIZONTAL MARGIN FROM ',I2,°' TO 99°'>
, ACCEPT 9%8.J ]
, 3so FORMATC T2
‘ IFCJ.GT. I 3GOTC 569
\ TYPE 533
ces FORMATC ' INCORRECT “ALUES - - TRY AGAIH' ‘
L GOTO 932
EEE) [a¢ IXMAX~IXMTH XL 99+ [XMIK
t IXMAX= TNTC C IXMAX—[XMIN 3,99 . %53+ IXMIH
! IXMIN=T
; 352 TYPE 965
! 268 FORMATC 'EHNTER LOWER YERTICAL LIMIT FROM @ TO 99°)O
ACCEPT 979.1
o709 FORMATCI2
TYPE 97S.I
s FORMATC ‘ENTER UPPER VERTICAL LIMIT FROM ‘,I2.° TO 98¢
ACCEPT 989.J
980 FORMATS 125
IFCJ.GT.I>COTO 998
TYPE 985
ses FORMATC ‘ INCORRECST VERTICAL LIMITS — - TRY AGAIN'D>
GOTO 962
299 [=< TYMAK=-TYMINDIRT 99+ YMIH
[YMAK=C TYMAN—TYMIN 2 99+ [YMIN
IYMINeT
43 JTEMP=ITTOURC 265

C % % X SET TIME SCALE LIMITS £ £ X ,
ITNEG=IPSREIPSP+IHEAT 1
[TPQS=[SREISP
ITMINS=~[TNEG- €@ _
I TMANS = TPOS. 60 | 4
ISTART=ITNEG+ITMINSK60
ITOTAL=ITHEG+ [TPOS

TYPE 10910 :
191 FORMATC ‘00 YOU WANT TO EXPAND TIME SCALE? ) 4
ACCEPT 131S.1
1a1s FORMATCA >
IFCT.NE. 'Y* ) GOTO (108
1920 TYPE 1028, ITMINS, ITMAXS
1028 FORMATC 'ENTER LOWER TIME BOUNDARY - — FROM ', IS, YO ‘.I3: |
ACCEPT 10927.¢
1az27 FORMATC IS5
IF(T.CE.[TMAKS . OR.I.LT.ITMINS> SOTO 1029
1329 TYPE 1233. 1. [TMAXS
13938 = FORMATC ' ENTER UPPER TIME BOUMOARY - - FRGM ', 1Z.' T3 . 13>
ACCEPT 193Z2.J
1032 FORMATC I3
IFCJ.CT. ITMAXS . OR. S.LE. I) GOTO 1329
[TMAXS =S
[TMINSaT
ISTART=A
ITOTAL®C ITMAXS-ITMINS > X560
1130 STEMP= I TTOURC2S)

Sk % ® LABEL CURYE £ X €
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x

72

JTEMPa[TTOURC2D >

=g

I'fm>79

CaLlL CQPOINT

STEMP=ITTQOURCLI )

TYFPE 31@, ITEXKT

FORMATC T8X.,23A2)

TYPE 920. IFILEAC3)Y, IFILEAC 4), IFILEACS ), ICHAN

FORMATC Z@X ., ‘FILENAME : -1 I- P CHANNEL : P o9
TYPE 830. IPROBE. IHEAT~/ 60, [HEAT-IHEAT/ 60260
FARMATC 38X, ' PROBE - r.12,° HERT PUL3E: Lre2, . razs

CALL CYTTIMCISTIMA. KHRS.,.KMIN, KSEC.,KTICKS)

TYPE 848.KHRS.KMIN. KSEC. KOATE

FORMATCIAXK, ‘SAMPLE TIME-~ ’.,[2,° ', 12, *,I12.,"° oATE- ',
1 2,7, 128.°77,12)>

JTEMPu I TTOURC 23 >

K 4 DRAW AXIS x X X

JTEMP=ITTOURC 29
IX= I XMIN
[Y=IvYMax

CALL GPOINT

IX=m [KMIM
YalvYMIN

CALL GPOINT
{X=mIXMAK
IYmIYMIN

CAaLL GPOINT
JTEMP=ITTOURZ28)

® £ LABEL AXIS XX

8=l IYMAX—-IYMINI-/13. 5
YMID®C IYMAX-IYMINO/2.B8+IYMIN
JTEMP=ITTOURC 31>
TYPE %49

FORMATC &

00 S80 [=-9.5
IYmINTCYMID+ %8 » 1
IXmTAKNIN-3S
JTEMP=ITTOURC2S 5
CALL GPOINT
JTEMPuITTOURC I )
TYPE §S8.(I

FORMATC 125
JTEMP=ITTOURC2S
[YmIY-11

I[X= [XKMIN-T

CALL GPAINT

IXmIXMIN

CalLL QPOTIHT
JTEMP=ITTOURC28)
CONTINUE

O=FLOATC I XMAXK—IXMIN I/ ITOTAL

0O 680 I=ITMINS, ITMAXS
IXSINTCCISTARTHC I-ITMINS )2€2 Y20 X+ IXMIN
I[Y=s{YMIN

JTEMP={TTOURC 29)

CALL GPOINT

IYmty-9%

CALL GAPOINT

STEMP={TTQURC28)

JTEMPw ITTOURCZI )
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IH=IH4-15
CARLL GPOINT
JTEMP=ITTOSURC 31D
TYPE 649.1
43 FORMATCIZ2)
JTEMP=ITTOURC28)
31} CONTINUE

C &% & % PLOT CURVE X x %
ICOUNT=0
ITLOW=TI TMINS XSO+ I TNEG-ISTART ;
ITHIGH=I TMAXSXGO+ I THEC-ISTART .
DoFLOATC IXMAX-IXMIN D/ C ITHIGH-ITLOW)
BsFLOATC IYMRAX-IVYMIN)>- " 13888
00 72@ [=1,IPSR+ISR
[T=IPSPXI
IF(T . CGT.IPESR) ITwITNEC+ISPX(I-IPSR)
IFCIT LT . ITLOW.OR.IT . GT . ITHIGH)> GOTQ 729
IFCIT LT.ITNEG AND.IT.CT.IPSPXIPSR > GOTGC ~2gd
I EXMIMN+ INTCCIT-ITLOW > %0 >
ICOUNT=2ICOUNT+ 1
IFCICOUNT NE. (S)5CATO ~es
ICOUNT=0Q
JTEMPe I TTOURC 21 )
TYPE 793

- 4 FORMATC )
JTENP= [ TTAURC28)

293 IY=IDATAC 1)
IFCLIY QT ."22772) IY=lvy-"190€8
IYeINTCYNID+BXIY)
CALL GPOINT

~2e CONTINUE

JTEMP=ITTOURC 312>
JTEMP=ITTOURC 24D
HAZAC 3 >= 37
HAZAC 4)=72
CALL PRINTCHAZAD

C & X 2 RAP THINGS UP % 2% x
299 TYPE 29S
293 FORMATC 'ENTER "E® TO EXIT OR “D" FOR MORE DATA ‘', $)>
ACCEPT 300.1
309 FORMATCAD
JTEMP=1TTQURZ 28)
JTEMP=ITTOURC31 )
JTENP=ITTOURC2S)
JTENP=ITTOURC 24)
JTEMP=ITTOURS 26 )
IFCT.E€Q.'E')> GATO 318
TYPE 303
233 FORMATL ‘00 YOU YWANT TO REMAIN WITH SamE DATA 23
ACCEPT 397.1¢
3Iar FORMAT.AD
IF(T . EQ. "Y' )> GOTO 63
GOTQ ta
Z19 RETURN
END
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THIZ PROGR&M MOJIFIES THE FILE PROEE . OAT
ANO USES SUBROUTINE ZJET TO ACCEPT NEW CALIBRATIONS

OIMENSION IRATAC1SEGB>

COMMON IODESIG. IMONTH. IDAY, IYEAR,ATEM . BTEM. REBTEM, BETRT

ODIMENSION JDBATACLI27Y

EQUIVALEMCE <ATEM., JORATACS 23, (BTEM., JDATACZ
EQUIVYWLENCE <RBOTEM., JOATACI >, (BETAT. JDATRC( 1L 3D
SQUIVALENCE (IDESIG, JCATARCL1 33, C IMONTH., JORTAC(2D
EQAUIYALENCE (IDaY, JDATRC3 OO, CIYEAR, JDATAC2 >
CALL ASSIGNC3, 'F0O:PROEBE .OAT' ., 13D

READ (3> anuum

inUM= gNUMELR

READ <35 CIDATACK), K=1, INUMD

CALL CLOSEC3)

TYPE €

FORMATC

TYPE 2

FORMATS ‘'ENTER b TO ADQ CR MODIFY & PROBE
TYPE 3

FORMATC 'ENTER na TO LIST ALL PROBES')
TYPE 4

FORMATC 'ENTER “3" TO EXIT' >

ACCEPT 8.,1IC0OM

FORMATC I >

IF CICOM.EQ.2> GOTO 209

IF <ICaOM . EQ@.3> GOTO. 388

IF ¢CICOM.NE.1)> GOTO S

TYPE €&

TYPE 25

ADD OR MODIFY A PROBE <« % %
FORMATC 'ENTER PROBE NURMBER'
RCCEPT Z@. IDESIC
FORMATC I3 O
TYPE 6
INDEX=1
IF CIDESIG.EQ. IDATAC INDEX)>)> GOTO 158
INDEX=INDEX+12
IF CINDEX.LT.INUM3> GOTO 4@
TYPE 180@

FORMAT( 'NEW PROBE NUMBER® »
TYPE 110

FORMATC 'ENTER "Y" TO START A NEW PROBE WITH THAT'.
1 ' DESIGNATION® >
ACCERPT 112, 1ICOM

FORMAT. A

TYPE &

IF CICOM.ME 'Y')> GQTO S

CALL IDATE. IMOMTH. IDAY. IYEAR)
ATEM=9

BTEM=3

RBBTEM=2

SETAT=9Q

SHUMm INUM+1

INCEX=INUM+1

INUM» INUM>12

Tall. GET

20 122 K=1.12
IDATAC INDEX d)=_U0ATACK?
IMOEX=INMDEN+1

CONTINUE

P P S
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GOTGC =
TUPRE O1ES
FCRMATC ‘FROBE SURREMTLY HA&S THESE YALUES '
80 102 K=1.12
JOATACK »»IDATARC INDEXD
IMNOEX=INQEX+1
1&a COMTINUE
INDEA=INDEK~-12
SALL GET
caToies
ze2 TWYPE &

TYPE 292

.
[CY ]
A g

< k x 7 LIST AlLL PROBEZ IN FILE x % %
14 FORMATC 'THIS IS & CGMPLETE LISTIMNG OF FRCOEBES AND DnTES:
Q0 210 K=1, JHiuMm
INDEM=KX12-11
00 28S J=1.,4
JCATAC JI=TDATAC INDEXK D
IHOEX=IMQEX+1

< - SCNTINUE

TYPE 287. ICESIG. IMCNTH, IDAY. IYEAR ]
2e? FORMATC [3.S5X.I2,'7'.12.'~',. 127
2:2 CONTIHUE

20T0 S

- £ % £ CHECK IF REPLACEMENT DESIRED T X %

339 TYPE 219
z12 FORMATC LAST CHANCE TO REMALIH WITH EXISTING PRGOEBE FILE"
TYPE 318
Z1S FORMATC 'ENTER "1" TO REPLACE OLD PROBE FILE' >
ACCEPT 220. 1CCmM
3ze FORMATC ! > N

I CICOM . NE. 1) GOTO <009

CALL ASSIGNCZ., ‘FOB:PROBE.QAT' ', 13
WRITECZIINUM

WRITECIIIOATA

CaLL CLOSEC3)

TYPE 328
Iz2s FORMAT. ‘'NEW FILE CREATED - -~ OLD FILE QESTROYED' 3
20TO <4se
4vig Tyes 41a@
113 FORMATC MO CHANGES MACE TO EXISTING PROBE FILES
599 FORMATC  STILL UrOER CONSTRUCTION *
429 STCP ' THAT IS ALL FOR THIS MECS '
ENO

(2]

CREATE PROBE. QAT

0

THIS PROGCRAM CREATES A EMPTY FILE
TO B& USED B8Y PRCEBEC.FIR

s

OIMENSION JOATACL2 )
CALL ASSIGHCZ, ‘FOQ: PROBE . OAT . 13
WRITECI L
02 S Kef.12
JOATACK )=
* CONTINUE
YRITECZ »JOATA
CALL CLOSEC3>
STOP'FILE CREATED'
ENOC
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Figure 22. Flowchart of Subroutine GET
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SUBEQUTIME GET

THIS SUBRCOUTIHNE ALLOWS
TALIBRATIONM OATA FOR A

cocmMmoM IDESIC, IMOMTH., ICAY. IYEAR., ATEM.BTEM, RBATEM. SETAT

TYFE S.I[DESIC
FORMAT: ‘PROUBE NUMEBER =
TYPE 13, IMONTH

FOEMATC ‘MONTH =
TYPE 15.I0AY

FORMATC ‘DAY =
TYPE 29, IYEAR

FORMAT. ‘YEAR -
TYPE 2%, ATEM

FORMAT! 'A =
TYPE Z8.BTEM

FORMmMATC 'B =
TYPE 335.RB@TEZM

FCRMATC 'REO -
TYPE 4@.BETAT

FORMATC 'BETA -
TYPE 4S5

FORMATC 'TO EXIT TYPE
#CCEPT 1@8.ICOM

FORMAT. I O

If (ICOM . NE.1> CQOTO 118
TYPE 1095

FORMATC 'EMTER MONTH' >
SCCEPT 186, IMONTH
FORMAT( I2

IF ¢ICOM . ME. 2> GOTC 129
TYPE 1195

FORMATL. 'ENTER ORAY*' >
RCCEPT 186, [DAY

IF CICOM.NE.3> QOTO 130
TYPE 1295

FORMATC 'ENTER YEAR' O
ACCEPT 106. IYEAR

IF CICOM . NE. 4> COTO 149
TYPE 133

FORMAT. 'ENTER A' >
ACCEPT 126, ATEM

FORMKTC F8.4 O

iF CICOM . NE. S GOTO 130
TYPE 149

FORMATC 'EMNTER 8'
ACCEPT 136.BTEM

IF CICOM NE.6)> GOTO 16@
TYPE 1SS

FORMAT. ‘'ENTER RBO'
4CCEPT 136,RBOGTEMNM

IF CICOM . ME. 2> COTO 179
TYPE 163

FORMAT. 'ENTER BETA'
ACCEPT 126€.,2ETAT

I® {ICOM.NE.SY GCTC 3
RETURN
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